Introduction
============

Lung cancer is caused by the interaction among smoking, environmental and genetic factors and is currently the most clinically common respiratory system tumor, and it is the shortened form of primary bronchogenic carcinoma ([@b1-ol-0-0-8086]). Lung cancer has a high mortality rate, and the 5-year survival rate of lung cancer patients is \<20%. Surgery is currently the major treatment means of lung cancer, and the clinical treatment of this disease is unsatisfactory at present, mainly because lung cancer is prone to spread, and the patients have often missed the best opportunity of surgical resection when diagnosed ([@b2-ol-0-0-8086],[@b3-ol-0-0-8086]). Patients lacking the surgical conditions are often treated with the combined therapy of chemotherapy and radiotherapy. The commonly-used chemotherapy methods are the platinum drugs combined with cytotoxic drugs, such as lobaplatin combined with gemcitabine used for the treatment of lung cancer ([@b4-ol-0-0-8086],[@b5-ol-0-0-8086]). Platinum drugs have a strong effect of killing lung cancer cells, but lung cancer cells will produce resistance to platinum drugs, resulting in decreased sensitivity of lung cancer cells and finally loss of the therapeutic effect ([@b6-ol-0-0-8086]). Paclitaxel is a kind of antitumor drug that acts on tubulin, and its effective rate in the treatment of lung cancer is \<15%. Ueno and Mamounas ([@b7-ol-0-0-8086]) found that paclitaxel can increase the sensitivity of carboplatin to breast cancer, enhance the effect of carboplatin and effectively prolong the survival time of breast cancer patients. Zou *et al* ([@b8-ol-0-0-8086]) found that paclitaxel can effectively reduce the migration and invasion capacities of colon cancer cells, and inhibit the proliferation of colon cancer cells through reducing the expression level of phosphorylated-Akt (p-Akt). A large number of studies have shown that phosphatidylinositol 3-kinase (PI3K)/Akt is involved in the proliferation process of multiple tumors, and a variety of antitumor drugs can play an antitumor role through acting on the PI3K/Akt signaling pathway ([@b9-ol-0-0-8086],[@b10-ol-0-0-8086]).

In the present study, the sensitivity of cancer cells to lobaplatin in the treatment of lung cancer cells with paclitaxel combined with lobaplatin, and whether PI3K/Akt signaling pathway was involved in the effect of paclitaxel on lung cancer cells was investigated, so as to provide a theoretical basis for the clinical treatment of lung cancer with paclitaxel combined with lobaplatin.

Materials and methods
=====================

### Reagents and instruments

Lung cancer cell line NCI-H446 (Kunming Cell Bank, Chinese Academy of Sciences); methyl thiazolyltetrazolium (MTT), dimethylsulfoxide (DMSO), paclitaxel, lobaplatin and LY294002 (Sigma, St. Louis, MO, USA); RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA); rabbit anti-human PI3K, p-Akt, AKT, phosphorylated-glycogen synthase kinase 3β (p-GSK3β), GSK3β, β-actin monoclonal antibody and goat anti-rabbit secondary polyclonal antibody (cat. nos. 4249, 4060, 4685, 9323, 9315, 4970 and 14708) (Cell Signaling Technology, Danvers, MA, USA); Annexin V-FITC apoptosis assay kit (BD Biosciences, Heidelberg, Germany); inverted fluorescence microscope (Thermo Fisher Scientific, Inc., Waltham, MA, USA); cell culture bottle (Corning Inc., Corning, NY, USA); Transwell chamber (EMD Millipore, Billerica, MA, USA) and pipettor (Eppendorf AG, Hamburg, Germany).

### Detection of cell survival rate

The lung cancer cell line NCI-H446 purchased from Kunming Cell Bank, Chinese Academy of Sciences were cultured at 37°C and 5% CO~2~ after the replacement of medium, followed by passage at 80% cell confluency. The cells continued to be cultured until the logarithmic phase for the experiments. After cells were placed in the 96-well plate overnight, lobaplatin in different concentrations (5, 10, 20, 30, 50 and 80 µg/ml) was added for incubation at 37°C and 5% CO~2~ for 24 h. Then MTT was added for incubation for 4 h. The culture solution was adsorbed and DMSO was added, followed by detection of absorbance value using the microplate reader and calculation of cell survival rate. Lobaplatin in appropriate concentration was selected and added into the cells based on the time gradient for incubation for 6, 12, 24 and 48 h, respectively. The effects of different treatment time on cell survival rates were detected via MTT assay. According to the above experimental results, lobaplatin group (group L), 2 µg/ml paclitaxel combined with lobaplatin group (group LP) and lobaplatin combined with 10 µmol/ml LY294002 group (group LL) were set up. The cell survival rate in each group was detected via MTT assay after incubation for 24 h.

### Detection of cell apoptosis

The density of cells in the logarithmic growth phase was adjusted to 1×10^6^ cells/ml and spread evenly on the 6-well plate. Group L, group LP and group LL were set up. At 2 h before lobaplatin was added, 2 µg/ml paclitaxel and 10 µmol/ml LY294002 were added into group LP and group LL for incubation at 37°C and 5% CO~2~ for 24 h. The culture solution was absorbed and the cells were washed with pre-cooled phosphate buffered saline (PBS) three times. Then the cells were digested and collected into the centrifuge tube for centrifugation for 5 min at 800 × g. After that, the cells were washed with PBS again, resuspended and centrifuged under the same conditions three times. According to instructions of Annexin V-FITC apoptosis detection kit, 200 µl staining fluid was added into each group for staining in the dark for 15 min, then 800 µl buffer was added for machine inspection, preferably within 60 min.

### Detection of cell migration capacity

The density of cells in the logarithmic growth phase was adjusted to 1×10^6^ cells/ml and spread evenly on the medium plate. Group L, group LP and group LL were set up. After the cells adhered to the wall, cell culture dish in each group was marked using the marking-off pin. After the observation area was marked, the same area was observed again after incubation for 12 h and photographed under the microscope. The cell migration and migration distance in each group were recorded (unit/µm).

### Detection of cell invasion capacity

The density of cells in the logarithmic growth phase was adjusted to 5×10^5^ cells/ml and added into the Transwell chamber. Group L, group LP and group LL were set up. After the cells in each group were incubated at 37°C and 5% CO~2~ for 24 h, stained and fixed, the number of cells passing through the chamber was observed under the microscope and recorded.

### Protein level detection

The cells in the logarithmic growth phase were spread on the 6-well plate. Group L, group LP and group LL were set up and treated for 24 h. The protein in each group was extracted and quantified using the bicinchoninic acid protein quantification kit. The total loading quantity in each group was determined as 2 µg, and the loading buffer was added to prepare the loading sample. The sample was boiled under high temperature to inactivate protein, followed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis for 120 min under 80 V. Then the gel was transferred to the membrane transfer tank for preparation of membrane-transfer 'sandwich' and membrane transfer for 90 min under 100 V. After that, the membrane was sealed using 5% skim milk powder at room temperature for 1 h, and PI3K, p-Akt, Akt, p-GSK3β and GSK3β specific monoclonal antibodies (dilution, 1:1,000) were incubated at 4°C overnight, with β-actin as the internal reference. Then the membrane was washed with TBSP for 10 min for a total of three times. After the secondary antibody was incubated (dilution, 1:2,000) at room temperature for 2 h, the membrane was washed again three times (10 min/time). After the tabletting time was selected according to the fluorescence intensity, the developing liquid was added onto the protein band in the dark for exposure to obtain the corresponding protein bands. After the bands were scanned, the expression level of corresponding protein in each group was detected with β-actin as the internal reference.

### Statistical analysis

The data in the present study were analyzed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). The t-test was used for intergroup comparison, while analysis of variance was used for comparison among groups. A value of p\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of lobaplatin on the growth of lung cancer cells

The growth of lung cancer cell line NCI-H446 after being treated with lobaplatin in different concentrations was detected via MTT assay. The results showed that the stability of NCI-H446 could be reduced by lobaplatin in a concentration-dependent manner. Lobaplatin (30 µg/ml) could significantly inhibit the growth of NCI-H446 (p\<0.01), so 30 µg/ml lobaplatin was used for subsequent experimental study ([Fig. 1](#f1-ol-0-0-8086){ref-type="fig"}). The growth of cells was detected via MTT assay after they were treated with 30 µg/ml lobaplatin for 6, 12, 24 and 48 h, respectively. The results revealed that the effect of 30 µg/ml lobaplatin on cell growth was in a time-dependent manner; the survival rate of cells could be significantly reduced after treatment for 12 h ([Fig. 2](#f2-ol-0-0-8086){ref-type="fig"}). Group L, group LP and group LL were set up and the survival rate in each group was detected. The survival rates in group LP and group LL were significantly lower than that in group L, and the differences were statistically significant (p\<0.01), and there was no statistically significant difference in the survival rate between group LP and group LL (p\>0.05) ([Fig. 3](#f3-ol-0-0-8086){ref-type="fig"}).

### Detection of cell apoptosis level

Cell apoptosis in each group was detected using flow cytometry. The results showed that the number of cells in the 2nd and 3rd quadrants in group LP and group LL were significantly more than that in group L; in other words, the apoptosis levels in group LP and the group LL were higher than that in group L, and there was no significant difference in the apoptosis level between group LP and group LL ([Fig. 4](#f4-ol-0-0-8086){ref-type="fig"}).

### Detection of cell migration capability

The cell migration capability in each group was detected via cell wound scratch assay. The results showed that the cell migration capability in group L was obviously higher than those in group LP and group LL, and the differences were statistically significant (p\<0.01). The cell migration capability in group LL was higher than that in group LP (p\<0.05) ([Fig. 5](#f5-ol-0-0-8086){ref-type="fig"}).

### Detection of cell invasion capability

The cell invasion capability in each group was detected via Transwell assay. The results revealed that the number of invasive cells in group LP and group LL were obviously lower than that in group L (p\<0.01), and the number of invasive cells in group LP was significantly lower than that in group LL (p\<0.05) ([Fig. 6](#f6-ol-0-0-8086){ref-type="fig"}).

### Detection of protein expression level

In order to investigate whether PI3K/Akt signaling pathway was involved in the effect of paclitaxel on NCI-H446, the expression levels of PI3K/Akt signaling pathway-related proteins were detected via western blotting. The results showed that compared with that in group L, the protein expression levels of PI3K in group LP and group LL were significantly decreased (p\<0.01), and there was no statistically significant difference between group LP and group LL (p\>0.05). The protein levels of p-Akt and p-GSK3β in group LP and group LL were significantly lower than those in group L (p\<0.01), and there was no statistically significant difference between group LP and group LL ([Fig. 7](#f7-ol-0-0-8086){ref-type="fig"}).

Discussion
==========

Lung cancer seriously threatens human life and health, and the epidemiological survey showed that the incidence rate of lung cancer shows an increasing trend year by year, and the morbidity and mortality rates in male patients are significantly higher than those in female patients ([@b11-ol-0-0-8086]). Platinum drugs, as the first-line treatment drug of lung cancer, have high clinical value, characterized by the high specificity and slight side effects, but the resistance of tumor cells to platinum compounds is an important factor affecting the treatment with such compounds, so the combined administration is often clinically used to reduce the resistance of tumor cells to platinum compounds ([@b12-ol-0-0-8086],[@b13-ol-0-0-8086]). Paclitaxel is an antitumor drug extracted from the traditional Chinese medicine, bark of *Taxus chinensis*, which can promote the microtubule aggregation and inhibit the microtubule disaggregation, thus affecting the cell cycle and killing cells ([@b14-ol-0-0-8086]). The study of Zhang *et al* ([@b15-ol-0-0-8086]) showed that carboplatin combined with paclitaxel can significantly reduce the resistance of colon cancer cells to carboplatin in the treatment of colon cancer. PI3K/Akt signaling pathway exists in a variety of cells, and is involved in cell apoptosis. A number of studies have shown that this signaling pathway plays a vital role in the regulation of tumor cell apoptosis ([@b16-ol-0-0-8086]). The study of Cheng *et al* ([@b17-ol-0-0-8086]) found that compared with those in normal cells, the expression levels of PI3K and p-Akt in lung cancer cells are significantly increased, and the application of PI3K inhibitor can promote lung cancer cell apoptosis.

In the present study, it was found that lobaplatin could inhibit the growth of lung cancer cells. Within the range of effective concentration, the inhibitory effect on the cell growth was gradually enhanced with the increase of drug dose, as well as with the prolongation of action time; in other words, the effect of lobaplatin on lung cancer cells is concentration- and time-dependent. Lobaplatin, is a third-generation platinum antitumor drug, and one of the most widely-used antitumor drugs in clinical practice, which, with tumor cells, can form the intra-chain cross-linking between platinum and DNA bases, thus affecting the transcription and translation processes of DNA in tumor cells and killing tumor cells ([@b18-ol-0-0-8086]). Flow cytometry showed that the combined application of paclitaxel and lobaplatin could significantly increase apoptosis of lung cancer cells and inhibit the migration and invasion of lung cancer cells. These results indicated that paclitaxel can increase the sensitivity of lobaplatin to lung cancer cells, which can further promote apoptosis of lung cancer cells and inhibit the migration and invasion of lung cancer cells. Paclitaxel, as a kind of tubulin polymerase inhibitor, it can effectively inhibit cell mitosis and inhibit the cell proliferation, and has a certain killing effect on tumor cells, which has a synergistic effect with the antitumor effect of platinum drugs. The study of Owonikoko *et al* ([@b19-ol-0-0-8086]) reported that paclitaxel combined with carboplatin can significantly reduce the onset dose of carboplatin in the treatment of NSCLC. The effect of paclitaxel combined with lobaplatin on lung cancer cells was similar to that of lobaplatin combined with PI3K inhibitor LY294002. Besides, the detection of PI3K expression level via western blotting revealed that the expression level of PI3K in group LP was significantly lower than that in group L, but was similar to that in group LL; the expression levels of p-Akt and p-GSK3β in group LP and group LL were also obviously lower than those in group L, and there were no statistically significant differences in the expression levels between group LP and group LL. Paclitaxel can inhibit the phosphorylation of Akt and GSK3β through inhibiting PI3K, and regulate the PI3K/Akt signaling pathway, thus regulating the proliferation of lung cancer cells and inducing lung cancer cell apoptosis. P-GSK3β is a necessary protein for cell survival. When PI3K is inhibited, the phosphorylation of Akt can be further inhibited, thus affecting the phosphorylation of GSK3β, inducing cell apoptosis and inhibiting the cell migration and invasion ([@b20-ol-0-0-8086]).

In conclusion, paclitaxel can significantly increase the sensitivity of lobaplatin to lung cancer cell line NCI-H446, increase lung cancer cell apoptosis and decrease the onset concentration of lobaplatin through inhibiting PI3K/Akt pathway. The above results provide a theoretical basis for the clinical combination of lobaplatin and paclitaxel in the treatment of lung cancer.
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![Detection of cell survival rate via MTT assay. Lobaplatin can inhibit the growth of lung cancer cell line NCI-H466, and when the concentration of lobaplatin is 30 µg/ml, the cell growth can be significantly inhibited (\*\*p\<0.01, \*p\<0.05). MTT, methyl thiazolyltetrazolium.](ol-15-05-6211-g00){#f1-ol-0-0-8086}

![Detection of cell survival rate via MTT assay. Lung cancer cell line NCI-H466 was treated with 30 µg/ml lobaplatin for different times, and the cell growth was significantly inhibited after treatment for 24 h (\*\*p\<0.01, \*p\<0.05). MTT, methyl thiazolyltetrazolium.](ol-15-05-6211-g01){#f2-ol-0-0-8086}

![Detection of cell survival rate via MTT assay. The cell survival rates in group LP and group LL are significantly lower than that in group L (\*\*p\<0.01), and there is no statistically significant difference in the cell survival rate between group LP and group LL (p\>0.05). MTT, methyl thiazolyltetrazolium; L, lobaplatin; LP, 2 µg/ml paclitaxel combined with lobaplatin; LL, lobaplatin combined with 10 µmol/ml LY294002.](ol-15-05-6211-g02){#f3-ol-0-0-8086}

![Detection of cell apoptosis using flow cytometry. (A) Cell apoptosis in group L; (B) cell apoptosis in group LP; (C) cell apoptosis in group LL; the apoptosis levels in group LP and group LL are higher than that in group L; there is no significant difference in the apoptosis level between group LP and group LL. L, lobaplatin; LP, 2 µg/ml paclitaxel combined with lobaplatin; LL, lobaplatin combined with 10 µmol/ml LY294002.](ol-15-05-6211-g03){#f4-ol-0-0-8086}

![Detection of cell migration capability via cell wound scratch assay. (A) Cell graph under a microscope (bar, 50 µm); (B) statistical chart; the cell migration capability in group L is obviously higher than those in group LP and group LL (\*\*p\<0.01); the cell migration capability in group LL is higher than that in group LP (^\#^p\<0.05). L, lobaplatin; LP, 2 µg/ml paclitaxel combined with lobaplatin; LL, lobaplatin combined with 10 µmol/ml LY294002.](ol-15-05-6211-g04){#f5-ol-0-0-8086}

![Detection of cell invasion capability; the number of invasive cells in group LP and group LL are significantly lower than that in group L (\*\*p\<0.01), and the number of invasive cells in group LP is lower than that in group LL (^\#^p\<0.05). L, lobaplatin; LP, 2 µg/ml paclitaxel combined with lobaplatin; LL, lobaplatin combined with 10 µmol/ml LY294002.](ol-15-05-6211-g05){#f6-ol-0-0-8086}

![Detection of protein expression via western blotting; (A) western blotting diagram; (B) statistical chart of PI3K expression level; (C) statistical chart of p-Akt expression level; (D) statistical chart of p-GSK3β expression level; compared with those in group L, the expression levels of PI3K, p-Akt and p-GSK3β in group LP and group LL are significantly decreased (\*\*p\<0.01); there are no statistically significant differences in the protein expression levels between group LP and group LL (p\>0.05). L, lobaplatin; LP, 2 µg/ml paclitaxel combined with lobaplatin; LL, lobaplatin combined with 10 µmol/ml LY294002.](ol-15-05-6211-g06){#f7-ol-0-0-8086}
